46 kg heavier and estimates of K about .010 less for each year an individual failed to produce a calf during her first three opportunities. In general, A values declined in all three breeds during the study. Significant changes were observed in all Hereford analyses and after inbreeding was included in the Angus analysis, while inclusion of inbreeding in the Shorthorn analysis caused the change to become unimportant. The K values increased in all three breeds during the study; however, the change could be declared significant only in Herefords. (Key Words: Growth Parameters, Inbreeding, Reproductive Performance.)
I ntroduction
Formation of lines of beef cattle that are more closely related than their breed average for the purpose of reducing heterozygosity has been practiced widely in research and industry herds. Detrimental effects of increasing levels of inbreeding have been reported on preweaning performance Brinks et al., 1965; Dinkel et al., 1968; Brinks and Knapp, 1975) , on weights of females to maturity (Brinks et al., 1965) and on traits that comprise reproduction performance (Brinks and Knapp, 1975) . Effects on reproduction were most pronounced in younger breeding individuals (Davenport et al., 1965) . Inbreeding of the dam has been negatively related to preweaning performance and positively related to postweaning performance of progeny (Brinks et al., 1965; Dinkel et al., 1968; Brinks and Knapp, 1975) . Effects of inbreeding on individual animal performance have varied widely among inbred lines (Brinks and Knapp, 1975) .
Mature weight and general rate of maturing estimated from periodic weights during an animal's lifetime can be used to describe 1194 JOURNAL OF ANIMAL SCIENCE, Vol. 59, No. 5, 1984 developmental patterns (Brody, 1945) . Variation in statistics describing these patterns has been associated with breed differences (Brown et al., 1972c) , early reproductive performance (Fitzhugh et al., 1967; Morrow et al., 1978) and age to which periodic weights were taken (McLaren et al., 1982) . The objectives of this study were to examine lifetime developmental patterns of inbred and noninbred lines of cattle of three breeds and to determine the influence of inbreeding of individuals, inbreeding of dams of the individuals and early reproductive performance on those developmental patterns during formation of the inbred lines.
Materials and Methods
Data for this study were collected from Angus, Hereford and Shorthorn cattle maintained at the former USDA Beef Cattle Research Station at Front Royal, Virginia. The primary objective of this breeding project was to study methods for improvement of economically important traits. The formation of six lines within each breed resulted from the breeding plan illustrated in figure 1. Four foundation sires selected for superior individual and progeny performance were bred to enough unrelated cows for each to produce 32 daughters. Eight were assigned randomly to each of the two noninbred lines and the remaining 16 formed an inbred line. Foundation cows in the inbred lines and their female progeny were bred to their sire as long as he was serviceable and then to his sons produced in the line. Numbers of sires used in each inbred line ranged from two in two Hereford lines to seven in one Angus line. More sires were used in the Angus and Shorthorn inbred lines because they were in the study for a longer period of time than the Herefords. Selection in noninbred lines was for type score at about 12 mo of age (line 7 in all breeds) or growth rate to about 12 mo of age (line 8 in all breeds). Inbred lines (lines 1 through 4 in Angus and Shorthorns and 1 through 3 inHerefords) were selected according to an index that gave equal weighting to type score and growth rate. Type score was determined by averaging the scores of a committee of graders. The committee was composed usually of five members, three of which scored animals throughout the study. Type was scored on a 1 to 17 scale according to the USDA feeder grade criteria in effect at that time. Scores of 12, 13 and 14 denoted low, middle and high choice animals, respectively, with thicker, deeper animals receiving higher scores. Preweaning growth rate was measured under a noncreepfed, pasture regimen. Postweaning growth rate of females was that resulting from management directed toward achieving sufficient size to calve first at 2 yr of age. At weaning, about 25% of the bull calves in each line, ranking highest in the trait(s) of importance in their respective lines, were retained as prospective herd sires. These animals were subjected to a 168 d performance test on a moderate energy level diet (71% total digestible nutrients). Additionally, two to four bull calves of each breed were obtained from outside sources at weaning each year for inclusion in this postweaning test. Replacement sires were selected at the conclusion of the test. Sires for inbred lines came from within each line. All bulls on test were eligible for selection for use in noninbred lines. In these lines, 48% of the service sires came from the lines in which they were used, 16% from other lines in the study and 36% from outside sources. Cows were culled primarily for repeated failure to reproduce or for unsoundness. A more detailed discussion of the formation of lines and management of the cattle can be found in .
Data collected for analysis were birth weight, weaning weight and annual fall weights taken first at fall yearling age and continuing as long as the individual remained in the herd. Estimates of growth curve parameters in this study were calculated using these longitudinal data through the fourth annual fall weight, or 4.5 yr of age, following the results of Morrow et al. (1978) and McLaren et al. (1982) The exponential growth function Yt = A(1-Be "Kt) was utilized to estimate mature weight (A, kg) and rate of maturing (K) for each animal by asymptotic regression of the six weights on age (Brown et al., 1972c) . The Yt was observed weight at age t in months. The K value is an indicator of general rate of maturing or growth rate relative to mature weight. Therefore, K values should only be used as indicators to compare growth rates of individual animals whose A values are equal. Larger K values are characteristic of earlier maturing animals. The B value is an estimate related to early life weight changes and provides a Yintercept term (A-B).
Heifers were bred tb calve first at 2 yr of age and had the opportunity to produce three calves during their first 4.5 yr of life. Reproductive performance (EREPRO) was classified in this study as the number of years a cow failed to produce a calf during the first three reproductive years. Preliminary analyses indicated that sequence of failure to calve was a negligible source of variation in the dependent variables.
Estimated A and K values were analyzed separately for each breed by least-squares models. The basic model (model 1) included orthogonal contrasts between inbred and noninbred lines, between noninbred type score and growth rate selected lines and variation among the inbred lines; linear and quadratic regressions on year of birth and interactions of the contrasts with the regressions on year of birth. A term for sire/line was not included in the model because one objective was to study changes in A and K values during the study, and sire differences would be expected to be correlated to those changes. Model 2 was the same as model 1 with regressions of the growth curve parameters on inbreeding of the individual and inbreeding of the individual's dam included. Model 3 included model 1 effects and EREPRO, while model 4 consisted of model 1 effects, inbreeding of the individual and her dam and EREPRO. These models were used to study the additional amount of variation explained by inbreeding and EREPRO, both individually and in combination. In addition, quadratic effects of inbreeding of the individual and inbreeding of her dam were included in model 2 and model 4. After determining that regressions of both A and K values on the quadratic forms of those variables were nonsignificant, they were not included in final analyses. Partial regression coefficients from model 1 and model 4 were used to predict average values for A and K for each birth year in each breed. Separate values for inbred and noninbred groups or noninbred type score selected and growth rate selected groups were calculated when analyses indicated significant contrasts. These predicted values were plotted to illustrate the changes that occurred during the study. Least-squares means of A and K values for each line and for each EREPRO class were calculated from model 4 analyses.
Results and Discussion
Numbers of animals and means and standard deviations of inbreeding coefficients and weights in each line used to calculate the growth curve parameters are listed in table 1. Numbers of animals in all lines and mean inbreeding values in the inbred lines were greater in the Angus and Shorthorns because they were in the study longer than the Herefords.
The EREPRO among lines within breeds exhibited considerable variation. Overall breed efficiencies were similar, ranging from 1.16 nonproducing years in Angus to 1.35 yr in Shorthorns, calculated on the basis of three possible productive years during the first 4.5 yr of life. However, greater differences existed among inbred and noninbred groups. Noninbred Angus exhibited the best performance, averaging .92 nonproducing years while inbred Shorthorns were the poorest with 1.58 unproductive years.
None of the sources of variation included in model 1 influenced either A or K values of Angus (table 2) Angus growth curve parameters were estimated from model 1 and model 4 and plotted against birth year (figure 2). The A valuu calculated from model I exhibited a nonsignificant negative trend while those from model 4 showed a curvflinear trend (P<.05, table 2), but indicated little difference between mean A values at the beginning and end of the study. However, a decline in A values occurred from 1960 to the end of the study at a time when levels of inbreeding were highest. Regressions of A values on birth year were significant only in Angus A values decreased about 2 kg for each 1% increase in inbreeding of the individuals (table 3) . Increased inbreeding in the dams of individuals caused a decline in K values and suggested that inbreeding of the dams may have adversely affected the maternal environment provided and slowed the rate at which progeny matured. Least-squares means of the EREPRO classes indicated that an individual was approximately 39 kg heavier at maturity and her K value was lower by a value of .009 for each year she failed to produce a calf.
Analyses of Hereford growth curve parameters are presented in table 4. Significant line differences in both parameters in model 1 resulted from differences among the inbred lines. Regressions of A and K values on linear and quadratic effects of birth year were significant, and inbred lines interacted with birth year. The addition of inbreeding of the individual and of the dam of the individual (model 2) did not change R 2 values observed from model 1. Adding EREPRO to model 1 to form model 3 caused an increase in R 2 values of 25 and 31% for A and K, respectively. Significant sources of variation in A values identified in model 1 remained important in model 3. However, variation in K values among the inbred lines disappeared when variation due to EREPRO was partitioned. Results of the model 4 analysis for A values were similar to those of model 3, with the inclusion of inbreeding producing an additional 2% in the R 2 values. Inclusion of inbreeding of either individuals or dams of individuals did not improve the R 2 value of the K analysis over that observed in model 3. These results suggested that differences in K values attributed to variation among the inbred lines in models 1 and 2 were associated with differences in early reproductive performance, while differences in A values did exist among the inbred lines.
Hereford A values predicted from model 1 for all lines showed a negative curvilinear trend (P<.001, table 4) during the years they were in the study ( figure 3 ). An early decrease and then an increase was observed in A values calculated from the model 4 analysis. This resulted in very little overall change in A values of Herefords when adjustments were made for inbreeding and EREPRO effects. Hereford K values showed a positive trend (P<.01, table 4-) when calculated using estimates from the model 1 analysis. Adjustment for EREPRO (model 4) produced annual values that indicated little overall change in K values during the study.
Estimated A values in Herefords were 2.3 kg lighter for every 1% increase of inbreeding in individuals (table 3) . Least-squares means of Hereford EREPRO classes indicated that each year a cow failed to produce a calf resulted in higher estimated A values and lower K values.
Model 1 analyses of Shorthorn growth curve parameters indicated that differences existed (P<.01) between A values of inbred and noninbred lines (table 5) . The interaction (P<.05) of that contrast with the linear regression on birth year indicated that changes in A values were different in the two groups during the study. The A and K values among the four inbred lines were different, and interactions with linear and quadratic regressions on birth year occurred for both parameters. Linear changes during the study were observed in A values (P<.05), while changes in K values were not apparent. Inbreeding of the individual and of the dam of the individual were nonsignificant for both parameters (model 2), and the increase in R 2 values over model 1was small. However, significance levels of contrasts and interactions with time observed in model 1 were generally lower in model 2, indicating that a portion of that variation could be attributed to differences in inbreeding. The addition of EREPRO to model 1 to form model 3 eliminated most of the significant sources of variation observed in model 1, while markedly increasing R 2 values. Differences between inbred and noninbred lines disappeared while variation among inbred lines was reduced. This suggested that much of the among line variation observed in model 1 was due to variation in EREPRO among the lines. The combination of inbreeding and EREPRO in model 4 eliminated all line differences and interactions in both parameters. Unlike model 2, inbreeding of the individual and of the dam of the individual influenced A values, while inbreeding of the dam affected K values. However, increases in R 2 values over model 3 were small, indicating that inbreeding explained only a small amount of variation when combined with EREPRO. It was concluded that most of the variation observed in Shorthorn A and K values was due to differences in EREPRO with a small amount attributed to inbreeding.
Shorthorn A values calculated with estimates from model 1 declined during the study ( figure  4) . Mean values calculated from model 4 estimates indicated that the negative trend was still present, but that the decline in mature weights was not significant (table 5) when effects due to inbreeding and EREPRO were removed. The K values calculated from models I and 4 both exhibited nonsignificant positive trends with adjustments for inbreeding and EREPRO in model 4 causing a reduction in the positive trend.
Regression coefficients of Shorthorn A values on inbreeding indicated that higher levels of inbreeding in the individual were associated with lighter mature weights while inbreeding in the dam led to increased weights (table 3) . Increased inbreeding of dams was associated with slower rates of maturing in the individuals. Least-squares means of A values of Shorthorns were about 49 kg heavier and K values were lower by a value of .012 for each year a cow failed to produce a calf during the first three reproductive cycles.
Of the three breeds represented in this study, Angus had the lowest A values and highest K values, Herefords exhibited the highest A values and lowest K values while Shorthorns were intermediate in both parameters. Angus were the lightest in weight at birth and heaviest at weaning, probably due in part to the milk-producing ability of Angus dams. However, Angus did not maintain the rapid preweaning growth and were the lightest weighing breed group at 4.5 yr of age. That type of growth pattern is indicative of early maturing animals that attain lower mature weights and was similar to the Angus growth patterns described by Brown et al. (1972a,b,c) . Angus in that study were also lighter in weight at maturity and reached maturity at a more rapid rate than Herefords.
Angus K values exhibited the only differences observed between inbred and noninbred lines after effects of inbreeding and EREPRO were removed. The variation in Angus K values during the study was different in the two groups, but the overall change in mean values was nonsignificant. Hereford A and K values varied significantly in a curvilinear fashion during the time they were in the study, while neither parameter changed in the Shorthorns. Inbreeding of individuals of all breeds influenced A values negatively, while inbreeding of the dam of the individual had a negative influ- ence on K values. The EREPRO was a highly significant influence on both parameters in all breeds, with about a 46 kg increase in mature weight and a decrease of .010 in rate of maturing for each unproductive year.
